Background/Aims: Cerebral ischemia often leads to breakdown of blood-brain barrier (BBB) and vasogenic edema. It remains to be established whether MEG3 is responsible for the hypoxic damage in neural cells. This study aimed to investigate the role of MEG3 in the hypoxia-induced injuries of PC12 cells. Methods: The PC12 cells were seeded and cultured under hypoxia and normoxia culture conditions. The cell viability determined by trypan blue exclusion, apoptosis using propidium iodide (PI) and fluorescein isothiocynate (FITC)-conjugated Annexin V staining, cell-migration using a modified two-chamber migration assay with a pore size of 8 μM and invasion using 24-well Millicell Hanging Cell Culture inserts with 8 μM PET membranes. Results: Cell viability, relative migration and relative invasion decreased significantly in PC12 cells injured due to hypoxia as compared to control cells. An increase in apoptosis was also observed. The expression of MEG3 was up-regulated in hypoxiainjured PC12 cells. MEG3 overexpression enhanced hypoxia injuries, while MEG3 suppression attenuated the injuries. Meanwhile, MEG3 negatively regulated miR-147 expression. In addition, we found that the expression of Sox2 was increased in PC12 cells after hypoxia and miR-147 negatively regulated Sox2 expression through targets its 3'-UTR. Interesting, Sox2 activated NF-κB pathway and Wnt/β-catenin pathway in PC12 cells. Conclusion: Considering the observations in our study, we can conclude that MEG3 aggravated the hypoxial injury in PC12 cells by down-regulating miR-147 gene and miR-147 further negatively regulated Sox2 expression.
Maternally Expressed Gene 3 (MEG3)
Enhances
Introduction
Stroke, known as cerebrovascular disease, is a common and devastating neurological disease, which is characterized by high mortality and morbidity rates [1] . Ischemic stroke, Cellular Physiology and Biochemistry
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Life Technologies, Grand Island, NY). It was maintained at 37°C in a humidified incubator containing 5% CO 2 . Culture medium was changed every other day. The cultures were maintained at 3% O 2 concentration for hypoxic condition and at 21% O 2 concentration for normal condition. Primary cortical neurons were isolated from embryonic day 16-18 Sprague-Dawley rats and cultured as described previously [24] . Briefly, the cerebral cortices were dissected and digested in trypsin. Dispersed cells were diluted to a concentration of 1 ×10
6 cells/ml and plated on poly-L-lysine (50 μg/ml) (SigmaAldrich, St. Louis, MO, USA) pre-coated plates in neurobasal medium, containing 5 % fetal bovine serum (FBS) (Thermo Fisher Scientific, San Jose, CA, USA), 2 % (v/v) B27 serum-free supplement (Thermo Fisher Scientific), 0.5 mM L-glutamine and 25 μM glutamate (Thermo Fisher Scientific) at 37 °C in a humidified incubator containing 5% CO 2 . On day 3, half of the medium was replaced by fresh one (neurobasal meidium without 25 μM glutamate) every 2 days. The cells were used for experiments between 6 and 9 days in vitro.
Quantitative real-time PCR assay (qRT-PCR)
Total RNA was extracted from cells using Trizol reagent (Life Technologies Corporation) according to the manufacturer's instructions. One Step SYBR ® PrimeScript ® PLUS RT-RNA PCR Kit (TaKaRa Biotechnology), was used to test the expression levels of MEG3. Taqman MicroRNA Reverse Transcription Kit and Taqman Universal Master Mix II with TaqMan MicroRNA Assay of miR-147 and U6 (Applied Biosystems, Foster City, CA, USA) were used for the expression levels of miR-147 in cells. For the test of Sox2, RNA PCR Kit (AMV) Ver.3.0 (TaKaRa Biotechnology) was used. GAPDH was used in this study as endogenous control. The normalizing Fold changes were calculated by relative quantification (2 −ΔΔCt ) method.
Transfection and generation of stably transfected cell lines
Short-hairpin RNA directed against human lncRNA MEG3 was ligated into the U6/GFP/Neo plasmid (GenePharma, Shanghai, China) and was referred as to sh-MEG3. Plasmids overexpression MEG3 was ligated into the pcDNA3.1 and was referred as to pc-MEG3. For the analysis of the Sox2 functions, the fulllength Sox2 sequences and short-hairpin RNA directed against Sox2 were constructed in pEX-2 and U6/ GFP/Neo plasmids (GenePharma), respectively. And they were referred as to pEX-Sox2 and sh-Sox2. The lipofectamine 3000 reagent (Life Technologies Corporation, Carlsbad, CA, USA) was used for the cells transfection according to the manufacturer's instructions. The plasmid carrying a non-targeting sequence was used as a negative control (NC) of sh-MEG3 and sh-Sox2 that was referred as to sh-NC. The stably transfected cells were selected by the culture medium containing 0.5 mg/ml G418 (Sigma-Aldrich). After approximately 4 weeks, G418-resistant cell clones were established. MiR-147 mimics, inhibitors and their respective NC were synthesized (Life Technologies Corporation, MD, USA) and transfected into cells in the in the study. Because the highest transfection efficiency was occurred at 48 h, thus 72 h post-transfection was considered as the harvest time in the subsequent experiments.
miRNA transfection miR-147 mimic, miR-147 inhibitor, and the corresponding negative controls (Sramble, inhibitor control) constructs were synthesized by GenePharma. Cell transfections were conducted using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer's protocol. PC12 cells were seeded the prior day and then transfected with miR-147 mimic, miR-147 inhibitor, and the corresponding negative controls. The cells were processed for further analysis after transfection for48 h.
Cell proliferation assays
For cell proliferation assay, 1 × 10 5 cells were seeded in duplicate in 60-mm dishes. At the indicated time periods, cells were washed phosphatebuffered saline (PBS) and live cell numbers were determined by trypan blue exclusion (Beyotime Biotechnology, Shanghai, China) as previously described [25] .
Apoptosis assay
Cell apoptosis analysis was performed using propidium iodide (PI) and fluorescein isothiocynate (FITC)-conjugated Annexin V staining (Beyotime Biotechnology, Shanghai, China). Briefly, cells were washed in phosphatebuffered saline (PBS) and fixed in 70% ethanol. Fixed cells were then washed twice in PBS and stained in PI/FITC-Annexin V in the presence of 50 μg/ml RNase A (Sigma-Aldrich), and then incubated for 1 h at room temperature in the dark. Flow cytometry analysis was done by using a FACS can (Beckman Coulter, Fullerton, CA, USA). The data were analyzed by using FlowJo software.
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Migration and invasion assay Cell migration was determined by using a modified two-chamber migration assay with a pore size of 8 μM. For migration assay, cells suspended in 200 μl of serum-free medium were seeded on the upper compartment of 24-well Transwell culture chamber, and 600 μl of complete medium was added to the lower compartment. After incubation at 37 °C, cells were fixed with methanol. Non-traversed cells were removed from the upper surface of the filter carefully with a cotton swab. Traversed cells on the lower side of the filter were stained with crystal violet and counted.
The invasion behavior of was determined using 24-well Millicell Hanging Cell Culture inserts with 8 mm PET membranes (Millipore, Bedford, Massachusetts, USA). Briefly, after the cells were treated for indicated condition, 5.0 × 10 4 cells in 200 μl serum-free DMEM medium were plated onto BD BioCoatTM Matrigel TM Invasion Chambers (8 μM pore size polycarbonate filters; BD Biosciences), while complete medium containing 10% FBS was added to the lower chamber. After processing the invasion chambers for 48 hours (37°C, 5% CO 2 ) in accordance with the manufacturer's protocol, the non-invading cells were removed with a cotton swab; the invading cells were fixed in 100% methanol and then stained with crystal violet solution and counted microscopically. The data are presented as the average number of cells attached to the bottom surface from five randomly chosen fields.
Reporter vectors constructs and luciferase reporter assay
The fragment from MEG3 containing the predicted miR-147 binding site was amplified by PCR and then cloned into a pmirGlO Dual-luciferase miRNA Target Expression Vector (Promega, Madison, WI, USA) to form the reporter vector MEG3-wild-type (MEG3 -Wt). To mutate the putative binding site of miR-147 in the MEG3, the sequence of putative binding site was replaced and was named as MEG3-mutated-type (MEG3 -Mt). Then the vectors and miR-147 mimics were co-transfected into HEK 293T cells, and the DualLuciferase Reporter Assay System (Promega) was used for testing the luciferase activity.
Western blot
The protein used for western blotting was extracted using RIPA lysis buffer (Beyotime Biotechnology) supplemented with protease inhibitors (Roche, Basel, Switzerland). The proteins were quantified using the BCA™ Protein Assay Kit (Pierce, Appleton, WI, USA). The western blot system was established using a BioRad Bis-Tris Gel system according to the manufacturer's instructions. Primary antibodies (Table 1) were prepared in 5% blocking buffer at a dilution of 1:1, 000 and the catalogue numbers were shown in Table  1 . Primary antibody was incubated with the membrane at 4°C overnight, followed by wash and incubation with secondary antibody marked by horseradish peroxidase for 1 hour at room temperature. After rinsing, the Polyvinylidene Difluoride (PVDF) membrane carried blots and antibodies were transferred into the Bio-Rad ChemiDoc™ XRS system, and then 200 μl Immobilon Western Chemiluminescent HRP Substrate (Millipore, MA, USA) was added to cover the membrane surface. The signals were captured and the intensity of the bands was quantified using Image Lab™ Software (Bio-Rad, Shanghai, China).
Statistical analysis
All experiments were repeated three times. The results of multiple experiments are presented as the mean ± SD. Statistical analyses were performed using Graphpad 6.0 statistical software. The P-values were calculated using a one-way analysis of variance (ANOVA). A P-value of <0.05, P-value < 0.01 and P-value <0.001 was considered to indicate a statistically significant result. 
Results
Hypoxia induces cell injury in PC12 cells
To induce hypoxic injury, PC12 cells were cultured at 3% oxygen concentration; the cells cultured at normal oxygen concentration were used as control. The hypoxic condition significantly decreased cell viability (P<0.05; Fig. 1A ), migration (P< 0.05; Fig. 1B) , and invasion (P<0.05; Fig. 1C) , and increased apoptotic cell rates (P<0.001; Fig. 1D ) of PC-12 cells as compared to the control cells. We also assessed the protein expression of apoptosisrelated core factors in PC12 cells after hypoxia treatment. As shown in Fig. 1E , the hypoxic condition significantly reduced the Bcl-2 expressions, while increased the levels of Bax, cleaved-Caspase-3 and cleaved-Caspase-9 (P<0.01 or P<0.001). These results indicated that hypoxia induced cell injuries in PC12 cells.
Over-expression of MEG3 aggravates hypoxia injury in PC12 cells, while suppression of MEG3 alleviates the injury
Firstly, we investigated the expression changes of MEG3 in PC12 cells after hypoxia. As shown in Fig. 2A , MEG3 expression was significantly increased in PC12 cells after hypoxia treatment. Similar result was found in the primary cortical neurons ( Fig. 2A) . Then we explored the role of MEG3 in hypoxia-injured PC12 cells. PC12 cells were transfected either with pc-MEG3 or sh-MEG3 and the efficiency of transfection was performed by qRT-PCR analysis. Enhanced MEG3 expression was observed in PC12 cells transfected with MEG3, referred to as pc-MEG3 compared to pcDNA3.1 (P<0.001; Fig. 2B ). On the contrary, expression Fig. 2B ). Subsequently, we explored the role of MEG3 in cell viability, migration and invasion, and apoptosis. . Cell viability as measured by trypan blue exclusion was decreased significantly in pc-MEG3 as compared to pcDNA3.1 (P<0.05; Fig.  2C ) and was found to significantly reduced in sh-MEG3 as compared to sh-NC (P<0.05; Fig.  2C ) when injured with hypoxia. Cell invasion and cell-migration were significantly decreased in pc-MEG3 as compared to pcDNA3.1 (P<0.05; Fig. 2E and 2D) and were also significantly declined in sh-MEG3 as compared to sh-NC (P<0.05; Fig. 2E and 2D) when injured with hypoxia. Meanwhile, cell apoptosis measured using propidium iodide (PI) and fluorescein isothiocynate (FITC)-conjugated Annexin V staining was found to be significantly enhanced in pc-MEG3 as compared to pcDNA3.1 (P<0.05; Fig. 2F ) and was also significantly increased in sh-MEG3 as compared to sh-NC (P<0.05; Fig. 2F ) when injured with hypoxia. Furthermore, we assessed the effect of MEG3 on the expression of core apoptosis-related factors. As shown in Fig. 2G , over-expression of MEG3 significantly reduced the expression of Bcl-2, and increased the levels of Bax, cleaved-Caspase-3 and cleaved-Caspase-9 (P<0.05, or P<0.01). Opposite effects were found in down-regulation of MEG3 (P<0.05, or P<0.01; Fig. 2G ). 
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miR-147 is a target of MEG3
The expression of miR-147 was detected in PC12 cells and primary cortical neurons after hypoxia treatment. As shown in Fig. 3A , the expression of miR-147 was significantly declined in hypoxia-injured PC12 cells and primary cortical neurons. We then explored whether miR-147 expression was regulated by MEG3 in PC12 cells. Significantly decreased expression of miR-147 as quantified by RT-PCR was observed in pcDNA3.1 when compared to pc-MEG3 (P<0.01; Fig. 3B ) and a significantly enhanced expression was observed in sh-MEG3 as compared to sh-NC (P<0.001; Fig. 3C ). Furthermore, luciferase bioluminescence assay revealed that MEG3 negatively targeted miR-147 as indicated by decreased luminescence (P<0.05; Fig. 3D ).
Over-expression of MEG3 aggravates hypoxia injury by down-regulation of miR-147
Then, we further investigated whether MEG3 aggravated hypoxia injury by regulating miR-147 expression in PC12 cells. A significant decrease in cell-viability was observed in PC12 cells transfected with MEG3, referred to as pc-MEG3 when compared to pcDNA3.1 (P<0.05; Fig. 4A ), when injured by hypoxia. Further, a significant decrease in cell-viability was observed in pc-MEG3 cells with scramble as compared to pc-MEG3 cells with miR-147-mimic (P<0.05; Fig. 4A ). Cell-migration and cell-invasion was decreased in pc-MEG3 when compared to pcDNA3.1 (P<0.05; Fig. 4B and 4C ) and was also significantly reduced in pc-MEG3 cells with scramble as compared to pc-MEG3 cells with miR-147-mimic (P<0.05; Fig.  4B and 4C) , when injured by hypoxia. Apoptotic cells were significantly increased in pc-MEG3 when compared to pcDNA3.1 (P<0.05; Fig. 4D ). An enhanced apoptosis was also observed in pc-MEG3 cells with scramble as compared to pc-MEG3 cells with miR-147-mimic (P<0.01; Fig. 4D ), when injured by hypoxia. Consistently, the regulation of MEG3 over-expression on 
MiR-147 negatively regulates Sox2 expression, and Sox2 is a target of miR-147
Sox2 mRNA and protein expressions were measured by qRT-PCR and western blot in PC12 cells and primary cortical neurons after hypoxia. As shown in Fig. 5A , Sox2 mRNA expression was significantly increased in PC12 cells and primary neurons after hypoxia (P<0.001). Similar results was observed in the protein expression, as increased Sox2 protein expression in PC12 cells and neurons after hypoxia (P<0.001; Fig. 5A ). We further investigated the regulation between miR-147 and Sox2. Sox2 expression as quantified by RT-PCR was significantly increased in scramble as compared to cells with miR-147-mimic (P<0.05; Fig. 5A ), when injured by hypoxia. Further, a significantly enhanced Sox2 expression was observed in cells with si-miR-147 as compared to siNC (P<0.01; Fig. 5C ). The regulation of protein expression was similar to mRNA changes (P<0.01; Fig. 5D ). Dual luciferase reporter assay showed that miR-147 negatively targeted Sox2 as indicated by decrease luminescence (P<0.05; Fig. 5E ). 
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Sox2 regulates the hypoxia-induced cell injury in PC12 cells
Sox-2 mRNA expression as quantified by RT-PCR was significantly enhanced in pEXSox2 as compared to the expression in pEX, while was significantly enhanced in sh-NC as compared to sh-Sox2 (P<0.001; Fig. 6A ). Further, Sox2 protein expressions showed the same changes as mRNA expressions (P<0.05; Fig. 6B ). Significantly enhanced cell-viability was observed in pEX cells when compared to pEX-Sox2 cells (P<0.05; Fig. 6C ) when injured by hypoxia. Further, significantly enhanced cell-viability was also observed in sh-Sox2 as compared to sh-NC (P<0.05; Fig. 6C ), when injured by hypoxia. Moreover, cell-invasion and cell-migration was significantly reduced in pEX-Sox2 as compared to pEX (P<0.05; Fig. 6D and 6E) and was also significantly less in sh-NC when compared to sh-Sox2 (P<0.05; Fig. 6D and 6E) when injured by hypoxia. As expected, apoptotic cells was significantly less in pEX cells when compared to pEX-Sox2 cells (P<0.05; Fig. 6F ) and was also significantly reduced in sh-Sox2 as compared to sh-NC (P<0.01; Fig. 6F ) when injured by hypoxia. Meanwhile, Sox2 overexpression significantly inhibited the expression of Bcl-2, and promoted the expression of Bax, cleaved-Capase-3 and cleaved-Capase-9 (P<0.05, P<0.01, or P<0.001; Fig. 6G ).
Sox2 regulated NF-κB and Wnt/β-catenin signaling pathways
As shown in Fig. 7 , the expression of p-p65 and p-IκBα was increased in PC12 cells after hypoxia. Similar increase was found in Wnt-3a, Wnt-5a and β-catenin (P<0.01, or P<0.001). However, overexpression of Sox2 further activated the NF-κB pathway and Wnt/β-catenin 
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and considering the gravity of disease, it needs to be addressed urgently. It has become increasingly important to elucidate the molecular mechanisms of acute cerebral ischemiarelated neuronal injury [26] . As we have discussed previously, there are studies which have reported that cerebral miRNA and lncRNAs control epigenetic silencing or activation in mammal also get altered due to cerebral ischemia [27] [28] [29] . Moreover, long non-coding RNAs (LncRNAs), also go through changes in the post-stroke brain [30] . MEG3 was the first lncRNA to be found to act as a tumor suppressor and functions its anti-proliferative role through suppression of MDM2 expression with consequent increase of the p53 protein levels in human cancer cells [21, 31] . Recently, it has been reported that MEG3 functions as a cell death promoter in ischemia and functionally interacts with p53 to mediate ischemic damage. The expression of MEG3 is up-regulated in the ischemic tissues of mice and induces primary cortical neurons and N2a cell lines after OGD injury [23] . In consist with previous report, our results demonstrated that MEG3 was up-regulated in hypoxia-injured PC12 cells and its overexpression aggravated hypoxia injury in PC12 cells. It suggested that MEG3 may play a vital role in hypoxia-induced injury in PC12 cells. Previous study showed that miR-147 was down-regulated in glutamate treated cerebellar granule cells and up-regulation of miR-147 exerts a protective effect against glutamate excitotoxicity [32] . What's more, it has been reported that miR-147 could efficiently down-regulate endogenous APP expression in Neuro2A cells [33] . The present study revealed that miR-147 was reduced in PC12 cells after hypoxia, and it was negatively regulated by MEG3. What's more, we found that miR-147 mimic blocked the acceerative effect of MEG3 overexpression in hypoxia-induced injuries in PC12 cells. It may provide a new insight miR-147 might be involved in the process of neuronal damage. And our study was the first reported that miR-147 was regulated by MEG3.
Our results also indicated that Sox2 was a direct target of miR-147 in PC12 cells and its expression was increased after hypoxia treatment. Emerging evidences have emphasized the role of Sox2 in the development of central nervous system (CNS). Sox2 is activated in the embryonic nervous system from the earliest stages of development, predominantly in the proliferating, undifferentiated precursors [34] [35] [36] . Meanwhile, Sox2 has been emerged as an important role in growth inhibition through cell cycle arrest and apoptosis in gastric cancers. And miR-126 is a miRNA that targets SoX2, and PLAC1 may be a novel downstream target gene of SOX2 in gastric cancer cells [37] . These reports indicated that Sox2 up-regulation may promote cell proliferation and inhibit cell apoptosis in neuronal cells. As expect, our results revealed that Sox2 overexpression reduced cell viability, migration and invasion, and promoted cell apoptosis. However, down-regulation of Sox2 exerted an opposite effect. In addition, we proved that miR-147 was a novel miRNA that targets Sox2 in PC12 cells.
In this study we have explored the effects and mechanisms of lncRNA MEG3 on the cell hypoxia injury in PC12 cells. Our study demonstrated that hypoxia induced cell injury in PC12 cells by inhibiting cell viability, migration and invasion and enhanced cell apoptosis. Over-expression of MEG3 enhanced hypoxia injuries in PC12 cells. Further, in this study we have also reported that miR-147 was a target of MEG3. Subsequently, over-expression of MEG3 aggravated hypoxia injury by down-regulation of miR-147. Moreover we found that miR-147 negatively regulated Sox2 expression and Sox2 was a target of miR-147. Taking into consideration the above mentioned facts and keeping in mind the interesting findings from our study, we can conclude that MEG3 enhances hypoxia induced injury in PC12 cells by down-regulating miR-147, and miR-147 further negatively regulated Sox2 expression through targets its 3'-UTR.
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